Biosynthesis of palmitic, palmitoleic, and cis-vaccenic acids in Pseudomonas sp. strain E-3 was investigated with in vitro and in vivo systems. [1-14C]palmitic acid was aerobically converted to palmitoleate and cis-vaccenate, and the radioactivities on their carboxyl carbons were 100 and 43%, respectively, of the total radioactivity in the fatty acids. Palmitoyl coenzyme A desaturase activity was found in the membrane fraction.
Temperature-dependent changes in the ratio of unsaturated to saturated fatty acids in membrane lipids have been considered to be one of the regulatory mechanisms that maintain membrane fluidity (17) . Thus, it is of much interest to study the factors affecting the ratio of unsaturated to saturated fatty acids. Since most but not all bacteria (9) contain only monounsaturated fatty acids as the unsaturated ones, it is convenient to study thermal regulation of the fatty acid composition of the membrane lipids.
Fatty acid synthetases of many organisms including animals, plants, fungi, and some bacteria produce exclusively saturated fatty acids (10) . In these organisms, unsaturated fatty acids are synthesized by oxygen-dependent fatty acid desaturase systems (aerobic mechanism [12] ). On the other hand, some bacteria such as Escherichia coli (4), Clostridium butyricum (11) , and Brevibacterium ammoniagenes (14) synthesize monounsaturated fatty acids by fatty acid synthetases in an oxygen-independent manner (anaerobic mechanism). Scheuerbrandt and Bloch (19) reported that Pseudomonas fluorescens, a strict aerobe, also synthesizes monounsaturated fatty acids by the anaerobic mechanism. Since then, the bacteria belonging to the genus Pseudomonas have been referred to as representatives having the anaerobic mechanism (8, 10) .
Recently, we (20) indicated that Pseudomonas sp. strain E-3, a psychrotrophic bacterium, has a fatty acid desaturase system which catalyzes the aerobic production of palmitoleate from palmitate. To examine the biosynthetic pathway of unsaturated fatty acids in this bacterium, we analyzed the fatty acids produced by in vivo and in vitro systems.
MATERIALS AND METHODS
Bacterial strains and culture conditions. Psychrotrophic bacterium Pseudomonas sp. strain E-3 (Pseuidomonas strain E-3) was isolated by us from dust and dirt in a cold room (gram negative, strict aerobe, glucose nonfermentative, oxidase and catalase positive [18] leased as 14CO2 by C-1 decarboxylation/total radioactivity of the fatty acid) x 100; average of three experiments ± standard deviation], showing that the carboxyl carbons of palmitate and palmitoleate were directly derived from the C-1 carbon of added [1-'4C]palmitate, whereas the radioactivity of the carboxyl carbon of cis-vaccenate was diluted with cold carbon. These results obtained from in vivo experiments indicated that palmitate and stearate are directly desaturated to palmitoleate and oleate, respectively. We analyzed the distribution of radioactivity in palmitoleate produced from [1-14C]laurate. The radioactivity was distributed in the Cg dicarboxylic acid of a permanganate-periodate-cleaved product which corresponds to C-1 to C-9 of palmitoleate (Fig. 2) .
In vitro fatty acid desaturase system. To confirm the existence of the aerobic fatty acid desaturase system in Pseudomonas strain E-3, we examined desaturase activity in vitro. The membrane fraction, but not the soluble fraction, was able to desaturate palmitoyl-CoA ( Table 2 ). The membrane fraction also desaturated stearoyl-CoA to oleate (Fig.  1C) . Palmitoyl-CoA desaturase activity depended on molecular oxygen and NADPH or NADH (Table 2) . Furthermore, the desaturase activity was completely inhibited by respiratory inhibitors such as NaN3 and KCN and by the sulfhydryl inactivator mercuric chloride. These properties of the desaturase system are similar to those of acyl-CoA desaturase systems from other organisms (12) .
In vitro fatty acid-synthesizing system. It has been thought that the fatty acid synthetases of organisms possessing the aerobic mechanism do not produce unsaturated fatty acids (10) . We examined whether the fatty acid synthetase of Pseudomonas strain E-3 agreed with this hypothesis. Activ- ity of the partially purified fatty acid-synthesizing system of Pseudomonas strain E-3 depended on ACP (data not shown). Like the system of E. coli (15) , the chain length of the fatty acids and the ratio of saturated to unsaturated fatty acids produced were varied by alteration of the assay conditions such as temperature and proportion in concentrations of acetyl-CoA and malonyl-CoA, NADP-I and NADP+, and NADH and NAD+ (data not shown). However, both saturated and unsaturated fatty acids were always synthesized irrespective of the assay conditions (Table 3 ). In the assay system employing ACP from Pseudomonas strain E-3, both types of fatty acids were also produced (Table 3) . A possibility that contaminated membrane fraction contributes to unsaturated fatty acid production was excluded by the finding that the composition of anaerobically produced fatty acids was the same as that produced aerobically (data not shown).
DISCUSSION
In bacteria, either an aerobic or an anaerobic mechanism is responsible for the biosynthesis of unsaturated fatty acids On the other hand, the partially purified fatty acid-synthesizing system produced both saturated and unsaturated fatty acids in an oxygen-independent manner, and both fatty acids were also anaerobically produced from acetic acid with the in vivo system. Therefore, we conclude that both aerobic and anaerobic mechanisms for the biosynthesis of unsaturated fatty acids are able to function in this bacterium. Anaerobic production of unsaturated fatty acids in vivo seems to be insufficient, because nitrate did not support anaerobic growth of Pseudomonas strain E-3 (data not shown). However, it could not be determined at present to what extent the respective mechanisms were concerned with in vivo synthesis of unsaturated fatty acids under aerobic conditions, because added long-chain fatty acids were metabolized differently, for instance, by p-oxidation, aerobic desaturation, or anaerobic resynthesis of fatty acids from oxidatively decomposed products. Since we obtained evidence for the coexistence of aerobic and anaerobic mechanisms in Pseudomonas aeruginosa (data not shown), we presume the same mechanisms are widely distributed in many bacterial strains belonging to the genus Pseudomonas.
